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There’s More Than Meets the Eye: Wolfram Syndrome in a 
Type I Diabetic Patient

Jasvindar Kumara, Atif Ahmedb, Mashal Khanc, d, Yasir Ahmedd, e

Abstract

Wolfram syndrome (WS) is a rare neurodegenerative and genetic disor-
der, also known by the synonym DIDMOAD, which stands for diabetes 
insipidus (DI), childhood-onset diabetes mellitus (DM), optic atrophy 
(OA), and deafness (D). We present a case of a 25-year-old diabetic 
patient, using insulin for 15 years, who had increasing polyuria and 
polydipsia, along with progressive hearing and vision loss. Labora-
tory tests revealed elevated hemoglobin A1c (HbA1c) and blood sugar 
levels. Optic nerve, optic chiasm, pons, and brain stem atrophy was 
seen on magnetic resonance imaging (MRI) of brain. After workup, a 
diagnosis of DI was made. Once the diagnosis was reached, treatment 
with subcutaneous insulin and nasal desmopressin improved patient’s 
symptoms. In juvenile diabetic patients presenting with new onset or 
worsening polyuria and polydipsia, the possibility of WS should be 
considered. Early diagnosis and initiation of appropriate management 
leads to improved outcomes and the quality of life.
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Introduction

DIDMOAD is the acronym often used synonymously for 
Wolfram syndrome (WS), which includes the four character-
istic clinical abnormalities of diabetes insipidus (DI), diabe-
tes mellitus (DM), optic atrophy (OA), and deafness (D) [1, 
2]. Out of the four characteristics mentioned, childhood-onset 
DM and OA are considered sufficient for diagnosing WS. It 
is now considered a multi-system neurodegenerative disorder 

that can have symptoms of ataxia, behavioral and psychiatric 
illness, apnea, hypogonadism, and renal tract atonia with hy-
dronephrosis [2].

Diagnosis is often delayed because polyuria and polydip-
sia are usually attributed to poorly controlled diabetes, while 
visual symptoms are thought to be a consequence of diabetic 
retinopathy. A delay of at least 7 years occurred in a cohort 
of pediatric patients with diabetes before WS was recognized 
[3]. The management of WS is different from classic type I 
diabetes, hence, recognition of WS in diabetic patients is very 
important for improving outcomes. We are sharing our ex-
perience of WS in a young diabetic patient whose polyuria, 
polydipsia, and vision problems were attributed to poorly con-
trolled type I diabetes.

Case Report

Investigations

A 25-year-old diabetic female patient presumed to have type 
I DM, managed with insulin for almost 15 years, presented 
with increasing polyuria and polydipsia for 1 month. No prior 
records were available to confirm the diagnosis of type I DM. 
She reported that despite drinking more than 10 L of water 
in the 24 h prior to presentation, her thirst was not relieved. 
Polyuria was not associated with dysuria, hematuria or pyuria. 
She denied having headache, galactorrhea, sexual dysfunc-
tion, weight changes, amenorrhea, and heat or cold intoler-
ance. Upon further questioning of review of symptoms, she 
mentioned gradually progressive hearing and vision loss. Vital 
signs were stable, and tongue and oral mucosa were slightly 
dry on physical examination. Cranial nerve examination re-
vealed loss of peripheral vision and sensorineural hearing. The 
rest of the examination was unremarkable.

Diagnosis

Her symptoms were initially attributed to poorly controlled di-
abetes, and consideration was given to primary polydipsia, and 
central or nephrogenic DI. Initial laboratory workup showed 
random blood glucose level of 221 mg/dL, and hemoglobin 
A1c (HbA1c) of 10%, while electrolytes, kidney function and 
liver profile were within normal limits. Blood urea nitrogen 
(BUN) and creatinine (Cr) were also within the normal range. 
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Initially, the serum osmolality was 296 mmol/kg of H2O (275 - 
295 mOsm/kg H2O), and spot urine osmolality was 117 mmol/
kg (50 to 1,200 mOsm/kg of H2O). The urine concentration 
remained the same after water deprivation test, ruling out pri-
mary polydipsia. The serum and urine osmolalities improved 
to 270 and 650 mmol/kg of H2O, respectively after desmopres-
sin administration. Ultrasound of abdomen and pelvis was nor-
mal. Magnetic resonance imaging (MRI) of the brain revealed 
optic nerve, optic chiasma, pons, and brain stem atrophy. Aside 
from loss of intrinsic T1 high signal of the neurohypophysis, 
the pituitary was of normal size (Figs. 1 and 2). The presence 
of DI in a patient with childhood-onset DM and progressive 
vision and hearing loss led to the diagnosis of WS.

Treatment

Treatment was initiated with subcutaneous insulin and nasal 

desmopressin. In-house ophthalmology and maxillofacial (ear, 
nose, throat) consultations were placed for vision and hearing 
evaluation, as well as outpatient follow-up.

Follow-up and outcomes

Polyuria and polydipsia resolved in response to treatment. She 
was extensively counseled and educated on diet, regular phys-
ical activity, insulin administration, glucose monitoring, and 
medication adherence. She is responding positively to insulin 
and desmopressin.

Discussion

WS is a rare neurodegenerative and genetic disorder, estimated 
to afflict about 1 in 160,000 - 770,000 [1, 2, 4]. Wolfram and 

Figure 1. Magnetic resonance imaging of brain and orbits showing optic nerve atrophy as indicated by the blue arrow.
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Wagener first reported it when they found four of eight siblings 
with juvenile DM and OA [5]. A study of 68 patients reported 
that the onset of type I DM is the first manifestation of WS 
(median age of diagnosis: 6.5 years), followed by OA (at 13 
years), marked by loss of color and peripheral vision [4]. An-
other study reported the median ages of onset of type I DM and 
OA as 6 and 11 years, respectively [2]. Central DI (affecting 
70% of patients) and sensorineural deafness (affecting 65% 
of patients) are reported to occur in the second decade. Hear-
ing problems can range in severity from deafness beginning at 
birth, to mild hearing loss beginning in adolescence that wors-
ens over time [2, 4]. Renal-tract abnormalities affecting 70% 
of patients have been reported as early as 7 years of age [1, 4], 
but more commonly occur in the second or third decade [1, 
2, 4]. Along with neurologic, pituitary-gonadal, cardiac, and 
gastrointestinal complications, even congenital malformations 
have been reported in WS to varying degrees, occurring most 
often late in the disease [2].

Recessive mutations in the Wolfram syndrome 1 gene 
(WFS1) usually confirm the diagnosis in the majority of pa-

tients. However, several dominant mutations have also been 
discovered [1, 6]. A small number of patients carry recessive 
mutations in the CISD2 (WFS2) gene [7]. WS occurs due 
to the endoplasmic reticulum (ER) dysfunction. Mutations 
in the WFS1 gene which encodes a transmembrane protein 
localized to the ER cells and neuronal cells lead to elevated 
ER stress levels, and the initiation of ER stress-associated 
cell death [8, 9]. Although there are no definitive treatments 
to slow down or reverse the disease progression in WS, sup-
portive care and regular monitoring can improve the quality 
of life. Patients are maintained on insulin for better glycemic 
control, while DI is treated with desmopressin. Polysomnog-
raphy, annual neurologic examination, eye examination, and 
audiometry are recommended. Prescription glasses, hearing 
aids, and cochlear implant address the vision and hearing 
problems to some extent. Ataxia, dysarthria, and dysphagia 
are common neurologic complaints. A speech and language 
pathologist is helpful in that regard. Brain stem atrophy which 
usually leads to death by central apnea is another prominent 
feature and management requires taking a pulmonologist on 

Figure 2. Magnetic resonance imaging of brain showing optic chiasm atrophy (3 mm vs. 5 mm) indicated by the blue arrow.
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board [10].
Novel investigational drugs that target ER, such as 4-phe-

nyl butyric acid and tauroursodeoxycholic acid (chemical 
chaperones that stabilize protein conformation during folding 
and improve trafficking), and dantrolene (targets ryanodine re-
ceptors localized to the ER membrane), can prevent the death 
of neurons and β cells in WS [11, 12]. Other novel treatments 
include gene therapy by using clustered regularly interspaced 
short palindromic repeats (CRISPR) and mesencephalic astro-
cyte-derived neurotrophic factor (MANF), which can prevent 
cell death and activate the proliferation of affected cells in WS 
[13, 14]. Regenerative medicine can be used to create induced 
pluripotent stem (iPS) cells using patients’ skin cells, correct-
ing the WFS1 gene mutations with genome editing technol-
ogy, and differentiate these iPS cells into insulin-producing 
β cells, retinal cells, and neurons for transplantation [15]. It 
has been shown that glucagon-like peptide-1 receptor (GLP-
1R) agonists can improve diabetes and suppress apoptosis in 
cell models of WS [16]. It is believed that understanding the 
pathogenesis will not only help in the development of novel 
therapeutics for WS, but also help treat similar diseases caused 
by ER dysfunction, as its main underlying pathology lies in 
dysfunction of the ER.

WS carries a poor prognosis, with the median age of death 
being 30 years (range 25 - 49 years), usually resulting from 
respiratory failure as a consequence of brain stem atrophy [2]. 
The most common causes of morbidity and mortality are the 
neurological manifestations of this syndrome and the compli-
cations of urinary tract atony [4].

Conclusion

Symptoms like polyuria, polydipsia, and vision loss can eas-
ily be attributed to poorly controlled diabetes. Early identifica-
tion of WS is very important as the management of WS differs 
from DM and mortality for WS is higher than classic DM. This 
case highlights early recognition of WS and the provision of 
timely appropriate interventions to improve the quality of life, 
by involving a multi-disciplinary care team that includes so-
cial workers and welfare organizations as well as a long-term 
follow-up plan. The need for further studies and including tri-
als to improve treatment options is also recommended.
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